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Background
Controlled ovarian hyper-stimulation (COH) is an important step for IVF-ET, which can influence clinical outcomes and complications. In 1984, Porter and Craft used synthetic GnRH agonist in IVF-ET for the first time to inhibit the early luteinizing hormone (LH) surge and obtain a better clinical pregnancy rate (CPR) in IVF-ET [1] . Until now, the GnRH-a long protocol has been widely used. However, the inhibition of endogenous gonadotropin (Gn) secretion re- quires large doses of exogenous Gn and prolonged Gn administration, which might result in OHSS and affect the fertility outcomes.
In the last decade, the GnRH antagonist (GnRH-ant) protocol has been used increasingly for IVF-ET [2] . In earlier times, its CPR rate was reportedly lower.
Griesinger et al. reported that from IVF centers registered in Germany, the GnRH-ant protocol was only used in patients with recurrent IVF failure or of older age. Check et al. compared the GnRH agonist protocol with the antagonist protocol and found the CPR and delivery rates were similar [3] .
Is the GnRH-ant protocol optimal for all IVF patients of different ages? It is still uncertain now. This research aimed to assess the effect of these two protocols in patients of different ages.
Method
1923 IVF/ICSI cycles from 2013-2015 were analyzed retrospectively. There were two groups in this study: a GnRH-ant protocol group (Group A) and a GnRH-a protocol group (Group B), and then each group was subdivided into four age ranges: <31 years, 31 to 35 years, 36 to 40 years, and >40 years. This retrospective study was approved by the Third Affiliated Hospital of Sun Yat-Sen University Reproductive Medicine Ethic Committee. The patient records/information was anonymized and de-identified prior to analysis. GnRH-ant protocol was similar to the previous study [4] . On day 2 -3 of menstrual cycle, the patients were received 37.5 IU-225 IU FSH (Gonal-F, Serono, Switzerland). When the diameter of dominant follicle met 14 mm, dosage of 0.25 mg GnRH-ant agonist (Cetrotide, Serono, Switzerland) was used per day.
Triggering follicle maturation by human chorionic gonadotropin (hCG, 250 ug, Serono) or dual trigger (hCG 2000IU + GnRH-a 0.1 mg) was performed when two or more follicles reached a mean diameter of 18 mm. 34 -36 hours later, the patients were received oocyte retrieval.
In GnRH-a group, the patients received 1.0 mg -1.3 mg Triptorelin (3.75 mg, Ferring) starting on day 20 of the previous cycle. FSH was used with dosage of 37.5 IU -300 IU per day. After 34 -36 hours with hCG trigger, ovum pick-up was done.
IVF or ICSI was performed. After 3 to 5 days, selected embryos were transferred. All patients received luteal phase support with 90 mg progesterone vaginal gel (Crinone, Serono, UK) per day on the day of oocyte retrieval. Pregnancy was diagnosed by serum β-hCG 14 days later. Ultrasound with gestational sac could confirm clinical pregnancy.
Statistical Analysis
Data were analyzed by SPSS software. t-test was performed for means. χ Advances in Sexual Medicine within 0% to 2.37% in Group A, which was significantly lower than Group B (P < 0.05). Figure 1 (b) demonstrate that total doses of Gn and stimulation duration were significantly fewer in Group A than in Group B for each age range (P < 0.05). From Figure 1 (a), we also found more and more gonadotropins were needed as age increased in Group B (P < 0.05).
Figure 1(a) and
Figure 2(a) shows that in the age range of 36 -40 years, the E 2 level was 2673.76 ± 1396.72 pg/mL in Group A, which was significantly lower than in The doses of gonadotropin administration were significantly lower in GnRHant group than in GnRHa group in all the age ranges (P < 0.05). In all age ranges, the stimulation duration of the GnRHant protocol was significantly shorter than of the GnRHa long protocol (P < 0.05). *P < 0.05 versus the GnRHa group. The differences of E 2 levels in two groups were not significant in three age ranges (less than 31, 31 -35 and over 40). In all age ranges, the LH levels were all significantly higher with GnRHant protocol than with GnRHa long protocol (P < 0.05). When patients' age was over 40, the P levels in GnRHant group were significantly higher than in the GnRHa group (P < 0.05). *P < 0.05 versus the GnRHa group. For every age range, the numbers of oocytes with GnRHant protocol were all significantly less than with GnRHa protocol (P < 0.05). The implantation rates with the GnRHant protocol were all lower than another protocol. The clinical pregnancy rates with the GnRHant protocol were all lower than another protocol for all age ranges. When age was less than 35 years old, the differences were significant (P < 0.05). The miscarriage rates of the two groups in every age range were all similar (P > 0.05). *P < 0.05 versus the GnRHa group. Group B (3301.90 ± 1320.60 pg/mL, P < 0.05). From Figure 2 (b), we found that in Group A, the LH levels were all significantly higher than in Group B of four age ranges (P < 0.05).
As shown in Figure 2 (c), in Group A, when patients' age was over 40, the P level on hCG trigger day was 1.03 ± 0.49 ng/mL, which was significantly higher than in Group B (0.69 ± 0.43 ng/mL, P < 0.05).
Figure 3(a) shows that in every age range, the numbers of oocytes in Group A were all significantly less than those in Group B (P < 0.05). The numbers of oocytes significantly decreased with age in Group A (P < 0.05). -test list as follows: 1) As age increased, the CPR and IR in Group B decreased; 2) When patients' age was over 36 years, the IR of the two groups were both significantly decreased (P < 0.05); 3) In patients aged over 40 years, the CPRs in the two groups were significantly decreased (P < 0.05).
As shown in Figure 3(d) , the miscarriage rates of Group A and B in each age group were similar (P > 0.05). By the χ 2 -test, we found that: 1) In Group A, when a patient's age was greater than 36 years, the miscarriage rate significantly increased (P < 0.05). 2) When a patient's age was greater than 40 years in Group B, the miscarriage rate significantly increased (P < 0.05).
Discussion
GnRH-ant protocol is a novel therapy for clinical ovarian stimulation, characterized by instant onset, reversible actions, and short administration [5] [6] . As shown in this study, the occurrence of OHSS in Group A was significantly lower than in Group B (P < 0.05). The major reasons for these outcomes could be: 1)
Without GnRH-a down-regulation in the antagonist protocol resulted in inferior follicular synchronization. Therefore, the E 2 levels were much lower, leading to a lower risk of OHSS. Our results support the conclusions above. 2) GnRH-a could be substituted for hCG to stimulate the final maturation of the oocyte.
GnRH-a can directly induce luteolysis, leading to a rapid decrease in serum E 2 levels and further lowering the incidence of OHSS [7] [8] [9] . It is likely to be the leading protocol for ovarian stimulation in the future [10] [11] .
Several studies suggested that the antagonist protocol could reduce CPR to some extent [12] . Our data also yielded similar results. The reasons for the lower CPR with the antagonist protocol were: 1) The LH surge was more likely to occur. Our results indicated that for all age groups, the LH level in Group A were significantly higher than those in Group B. The endometrium may be exposed to high E 2 and LH levels, resulting in a decrease in endometrial receptivity [13] .
2)
The earlier elevation in progesterone levels may have affected endometrial receptivity.
3) The GnRH-a induced LH surge lasted only 24 h, which was significantly shorter than the LH surge in the natural cycle (48 h) [14] .
More researches are needed to improve CPR of antagonist protocol. Some probable measures include: 1) A fixed drug-administration regimen should be employed. The advantages of it include the effective control of early LH surge, achievement of a sufficient oocytes, and enough high quality embryo [15] .
The luteal phase support protocol should be enhanced, especially when a GnRHa trigger is employed. [16] . 3) As stated in the guidelines of the European Society of Human Reproduction and Embryology, whole-embryo cryopreservation may be performed when a GnRH-a trigger is used in the antagonist protocol to prevent CPR decreases.
There were some limitations because it was a retrospective study. The small 
Conclusion
This study has shown that the antagonist protocol could significant reduce pregnancy outcomes in young patients (<35 years). Young patients with normal ovarian function can be treated with the agonist protocol, but the antagonist protocol should be considered in high ovarian responders (e.g., PCOS patients) to avoid OHSS. Older patients (>35 years) could be treated with the antagonist protocol, which has fewer Gn administration days, lower Gn administration doses and lower total treatment costs, thus making it more acceptable to the patients.
